In this study, it was intended to investigate the reactions between imidazole and 2-bromo-1-arylethanones such as 2-bromoacetophenone, 2-bromo-1-(4-chlorophenyl)ethan-1-one, 2-bromo-1-(2,4-dichlorophenyl)ethan-1-one and 2-bromo-1-(furan-2-yl)ethan-1-one, computationally. In the study, some Density Functional Theory (DFT) calculations have been performed on the chemical species involved in the investigated chemical reactions. DFT calculations have been performed at DFT B3LYP (Becke, threeparameter, Lee-Yang-Parr) level of theory using 6-31G(d), 6-31G(d,p), 6-311G(d,p) and 6-311+G(2d,p) basis sets. Single Point Energy (SPE) calculations, geometry optimizations, vibrational analysis, Frontier Molecular Orbital (FMO) calculations, global reactivity descriptor determinations, Molecular Electrostatic Potential (MEP) map calculations and estimation of the nuclear magnetic shielding tensors have been carried out at the same levels of theory. In 1 H-NMR calculations, CSGT (Continuous Set of Gauge Transformations) and GIAO (Gauge-Independent Atomic Orbital) models were used and experimental data have been compared with the computationally obtained data.
INTRODUCTION
Imidazole substituted structures are important compounds in organic and pharmaceutical chemistry. They can act as antibacterial, anticonvulsant, antifungal agents etc. and have been used commercially for many years. Econazole, miconazole, clotrimazole and oxiconazole are the important examples of commercially available pharmaceuticals bearing imidazole ring. (Figure 1 ) In this type of compounds, gem-phenyl-(1H-imidazol-1-ylmethyl) moiety ( Figure 1 ) is thought to be responsible for the biological activity. [1] In this study, we have investigated the reaction between imidazole (2) and various 2-bromo-1-arylethanone derivatives (1a-d) computationally. The extant literature contains reports on the reaction of imidazole with 2-bromoacetophenone, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 2-bromo-1-(4-chlorophenyl)ethan-1-one, [3-6, 8, 10, 14-16, 18-23] 2-bromo-1-(2,4-dichlorophenyl)ethan-1-one [5, 8, 14, 15, 18, 19, 21, [24] [25] [26] and 2-bromo-1-(furan-2-yl)ethan-1-one. [8, 27] We have carried out some DFT calculations on the reactants and products at B3LYP level of theory using 6-31G(d), 6-31G(d,p), 6-311G(d,p) and 6-311+G(2d,p) basis sets. We have compared the computationally obtained data with the experimental data. 
THEORETICAL CALCULATIONS

Geometry Optimizations
Prior to geometry optimizations, a conformer search has been carried out and the most stable conformer was selected as the initial geometry.
Optimizations and additionally a vibrational analysis have been carried out at DFT B3LYP level of theory using 6-31G(d), 6-31G(d,p), 6-311G(d,p) and 6-311+G(2d,p) basis sets. Optimized structures of the reactants 1a-d are given in Figure 3 . In Figure 4 , optimized structures of the products are given. 
Molecular Electrostatic Potential (MEP) Maps
For the determination of the electron rich and electron deficient parts of the investigated molecules, molecular electrostatic potential map calculations have been performed on the investigated molecules. Tables  3 and 4 , respectively. 
As can be seen from Table 3 , the electrophilicity order of the reactants is as follows: 1b>1c>1d>1a. Electrophilicity index value of the imidazole (2) is the smallest one as expected. HOMO and LUMOs of the reactants calculated at DFT B3LYP/6-311+G(2d,p) level of theory are given in Figure 10 .
Nuclear Magnetic Shielding Tensors
These calculations have been performed at B3LYP/6-31G(d), B3LYP/6-31G(d,p), B3LYP/6-311G(d,p) and B3LYP/6-311+G(2d,p) levels of theory using both CSGT and GIAO methods. A comparison has also been performed between computationally obtained data and experimental data. Experimental data have been obtained from the literature. [8, 15] Tables 5, 6, 7 and 8.  To  emphasize  the  agreement  between  computational and experimental data, a color scale  from green to red has been applied to Tables 5, 6 , 7 and 8. Green colors represents the more successful results while red color represents the worse results. As can be seen from Tables 5, 6, 7 and 8, GIAO method is more successful than CSGT method. In NMR calculations CSGT and GIAO methods were used. As can be seen from Tables 5, 6 , 7 and 8, GIAO method is more successful than CSGT method for the estimation of chemical shifts. The performance of CSGT method is increasing with the use of bigger basis sets. For compound 3a (Table 5) , the performance of 6-31G(d), 6-311G(d,p) and 6-311+G(2d,p) basis sets with GIAO method are similar and quite good. For compound 3b (Table 6 ) 6-311G(d,p) basis set with GIAO method is the best. For compound 3c (Table  7) , 6-311+G(2d,p) basis set with GIAO method slightly better than the 6-311G(d,p) basis set. For compound 3d (Table 8) , 6-311+G(2d,p) basis set is the best again. As can be seen from Tables 5, 6 , 7 and 8, except some certain hydrogens, there is a good agreement between experimental and computationally obtained data. In our previous studies it was observed that CSGT methods with bigger basis sets also give satisfactory results. [40, 41] HOMO-LUMO gaps for the reactants (1a-d) are given in Figure 7 . It was observed that, bigger basis sets estimate lower energies for both HOMO and LUMOs. On the other hand, HOMO-LUMO energy gaps are becoming smaller as the basis sets getting bigger for compounds 1a-d. This correlation is not observed for the products 3a-d.
With one exception the biggest HOMO-LUMO gaps have been obtained from the calculations at DFT B3LYP/6-311G(d,p) level of theory for products (3a-d). For compound 3c, the biggest HOMO-LUMO gap has been obtained with 6-311+G(2d,p) basis set.
In Figure 9 , energy values for the interaction between HOMO of the imidazole and LUMO of the compounds 1a-d are given. As can be seen from Figure 9 , the most effective interaction takes place between imidazole (2) and 2-bromo-1-(4-chlorophenyl)ethan-1-one (1c) and this is followed by 1b, 1a and 1d, respectively. 
